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摘  要 







80%NiO-KPOM 催化剂上得到丙烯的最佳收率。其中 80%NiO-CsPOM 催化剂上
在 450 ℃时丙烷转化率为 44%，生成的丙烯选择性为 45%，丙烯收率达到 20%。
80%NiO-KPOM 催化剂上 450 ℃丙烷转化率为 42%，生成的丙烯选择性为 50%，
丙烯收率达到 21%。这个收率是目前报道的丙烷氧化脱氢反应在 450 ℃时的最
高值。在异丁烷氧化脱氢反应中，70%NiO-CsPOM 催化剂上得到异丁烯的最高
收率，在 550 ℃异丁烷转化率为 31%，生成的异丁烯选择性为 59%，生成的甲
































This dissertation focused on developing a kind of novel nano composite material 
composed by NiO and cesium salt of molybdophosphate (denoted as NiO-CsPOM), 
which showed efficient catalyst performance for the oxidative dehydrogenation (ODH) 
of propane and isobutane. The detailed characterizations for the NiO-CsPOM nano 
composite were carried out, and the correlation between the structure characters of 
composite materials and their catalytic performance for ODH was studied. The nature 
of the active site over NiO-CsPOM composite catalyst was discussed. 
The catalytic performances for ODH over NiO-CsPOM composite catalysts were 
influenced by the catalyst composition including NiO content, Cs content, the nature 
of the alkali cations or alkaline-earth cations instead of Cs+, and it also influenced by 
molybdenum precursor and preparation method. The best catalytic performances for 
ODH of C3H8 were found over 80% NiO-CsPOM catalyst and 80% NiO-KPOM 
catalyst. For example, over 80% NiO-CsPOM catalyst at 450 oC, 44% C3H8 was 
converted while C3H6 formed with the selectivity of 45%, and the yield of C3H6 was 
20%. Over 80% NiO-KPOM catalyst, C3H6 yield of 21% would achieved with 
selectivity of 50% at 450 oC. This result was much better than those over other 
catalyst reported so far for the ODH of C3H8 at 450 oC. For the ODH of iso-C4H10 
reaction over 70% NiO-CsPOM catalyst, 31% iso-C4H10 converted at 550 oC, and 
produced isobutene and metharolein with the selectivity of 59% and 6.3%. The yield 
of isobutene reached 18%.  
Structures and properties of NiO-CsPOM nano composite materials were 
characterized detailedly by using XRD, N2 adsorption, SEM, TEM, NH3-IR, 
NH3-TPD, O2-TPD, H2-TPR and Raman methods. Compared with pure NiO (26 nm) 
and Cs2.5H0.5PMo12O40, 70-85% NiO-CsPOM nano composite possessed marked 
smaller particle size around 7 nm, hence had large surface area of 110-130 m2 g-1. The 
nano particle structure of NiO-CsPOM catalyst was stable at the temperature below 
550 oC. From NH3-TPD and NH3-IR studies, large quantity of Lewis acid sites were 
confirmed over 70%-85% NiO-CsPOM composite samples. These Lewis acid sites 
possibly arose from the coordinatively unsaturated metal cations created by the 
composition between NiO and Cs2.5H0.5PMo12O40. From O2-TPD results, it was found 
that the quantity of oxygen adsorption increased, more importantly the stability of the 
oxygen species was enhanced over NiO-CsPOM composite samples. The 
coordinatively unsaturated metal cations sites promoted oxygen adsorption as well as 
their stability likely. The desorption oxygen species could be attributed to O2－, β O－
and γ O－. Under the conditions of maintaining the C3H6 selectivity higher than 40%, 
the conversion of propane increased linearly with the increase in the quantity of O－
species. We speculate that the O － specie is very important for the oxidative 
dehydrogenation from C3H8 to C3H6. 
Keywords: Oxidative dehydrogenation; Propane; Isobutane; NiO; Heteropoly 



















































































C3H8(g)→C3H6(g)+H2(g)   (1-1) 
热力学的计算结果显示只有当反应温度高于 660 ℃时，其△G 才为负值，此时的
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